
Approach

.• Test in the lab to isolate and identify sources of errors

• Using basestation simulator as shown in the set-up

• Ultratec TTY on both ends (Tx= 8upercom 4400, Rx=
Uniphone 1140)

• Testing only the down link, since it represents worst case

• Testing Nokia 6160 with dual mode: Analog and TDMA (18
136)

• The sensitivity level is specified between -116 dBm and -113
dBm

• RSSI was changed from -50 dBm down to sensitivity levels

• No fading or network effects were added at this point

• FS/LS errors were counted as one error
NOKIA
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ANALOG TEST

• RSSI from -50 dBm down to -116 dBm

• Slow data entry (Manual)

• CER can be increased using two methods:

• (1) Decrease frequency deviation (base station function)

• (2) Decrease RSSI down to sensitivity levels

• As shown in results, a slight mismatch in peak deviation can
adversely affect CER

• CER increases rapidly at and beyond sensitivity levels

• Increased CER is mainly due to expander high attack time

• The high attack time causes the receiver to completely miss the
start bit, this effect is more profound near sensitivity levels

NOKIA
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DIGITAL T'EST

• RSSI from -50 dBm down to -115 dBm

• Slow data entry (manual)

• CER can be increased by decreasing RSSI down to sensitivity
levels

• Residual CER is about 20/0 to 7% at high RSSI levels (It
probably reflects the vocoder effects)

• For example, CER =5% at RSSI =-90 dBm

• CER increases rapidly at and beyond sensitivity levels

• A large percentage of the errors are again due to missing the
character start bit (is this due to vocoder attack time?)

NOKIA
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WHAT IS NEXT

• Repeat these tests while counting FS/LS as N errors?

• Repeat for other technologies

• Repeat while introducing fading (multipath fading simulator)

• Repeat to isolate and test:

• Hand over effects

• Vocoder types

·OTX

• Frequency Hopping (for G8M)

• Ciphering (for G.SM)

• Full/half rate effects

• Any others?

NOKIA
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TEST SET-UP
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TTY With Analog M ode of Nokia 6160
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TTY with Digital Mode (Nokia 6160)
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TTY: Analog versus Digital Comparison
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Analog M ode, Data BER Performance
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TTY, CER vs RSSI for various Frequency Deviation
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Release 1998
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program. Now, results are available that
calculate both the true character error rate,
and the rate including shift errors.
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ACELP

AMPS
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BER

CDMA
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EIA

FCC

FSK
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POT

RF
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SP

TDMA

TIA
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TTY
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current digital voice coder used in 15-136 TDMA cellular systems)

Advanced Mobile Phone Standard (an EIAITIA standard defining an analog
cellular air interface)
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Bit Error Rate

Code Division Multiple Access (refers to a digital cellular air interface technology
defined in standard EIAITIA 15-95)

Cellular Telecommunications Industry Association
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EIAITIA Interim Standard-136 (a standards document defining a cellular air
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Philips Consumer Communications (PCC) has conducted a series of live-network tests
using the Philips Aeon TDMA digital cellular telephone with the Lober & Walsh Mobility and
Ultratec Intele-Modem TTY devices, in our ongoing effort to characterize TTY performance
over realistic 15-136 digital cellular channels [2]. Goals of this test were to explore:

• how well different TTY devices interoperate in a cellular environment,

• how TTY performance changes when characters are sent at "full rate" (sent
continuously one after another) vs. "half rate" (gaps present between characters, as
might be the case with a typical-speed typist),

• how TTY performance differs on digital TDMA channels verses analog, all other
factors being equal, in order to baseline performance.

The Mobility and Intele-Modem were selected because each can be directly connected to a
computer to capture the received text, enabling automated results scoring. Automatic
scoring is indispensable since manual scoring is (1) excessively time consuming, and (2)
prone to errors. Additionally, the designers of these two devices, Lober & Walsh
Engineering and Ultratec, have both been very helpful and willing to work with us to
overcome problems encountered.

Live calls were made using the Bay Area Cellular Telephone Company (BACTC) Network
(a.k.a. "Cellular One") in the San Francisco Bay Area, from an average signal strength fixed
location. Our results are shown in the following sections. Test methodology is described in
section 2, results in section 3, and conclusions in section 4.
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This test campaign was designed to explore the following operational scenarios:

• TTY device type and position:

- Mobility (land) / Mobility (cellular)

- Intele-Modem (land) / Mobility (cellular)

- Mobility (land) / Intele-Modem (cellular)

- fntele-Modem (land) / Intefe-Modem (cellular)

• direction of communication:

- forward (from the land to the cellular)

- reverse (from the cellular to the land)

• transmission rate:

- full rate (simulating a fast typer or an automated system)

half rate (simulating a slower typer)

• cellular voice channel type:

- digital TDMA (IS-136) ACELP vocoder voice channel

- analog AMPS voice channel

Each possible combination of these four operational scenarios was tested, and thus 32 test
permutations performed. Data collects were taken at a moderate signal strength, fixed,
location (the author's home in Sunnyvale, California), using the live, Bay Area Cellular
Telephone Company (BACTC) IS-136 TDMA network. This location was chosen because it
has produced the most reproducible results in the past, and is typical of the well engineered
BACTC network. A description of the cellular conditions observed during testing at this
location is shown in section 3.1.

Audio levels to and from the Aeon cellular phone were matched to each TTY device, with
the help of engineers from both TTY manufacturers. However, neither we nor the TTY
manufacturers are sure that the levels selected were optimal. Considerable questions
remain on the relationship between the signals at the cell phone interface and the signals at
the landline, in various networks and in various conditions (i.e. TDMA vs. COMA vs. analog
calls). Indeed, our results (discussed below) suggest that there is an inconsistency between
the levels preferred by each manufacturer, and matching that works between two like TTY
devices does not work with two differing TTY devices. PCC recommends that the TTY
Forum focus on audio level standardization at the TTY/cellular phone interface.
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The Intele-Modem is designed for a landline telephone connection only. Therefor,
modifications were required within the unit to bypass the phone interface circuitry and
separate the receive and transmit audio. Level conversion was also added. A design for
these modifications was provided by Ultratec.

Figures 2.2-1 and 2.2-2 show the test setup in the reverse and forward directions,
respectively. In all cases, one TTY device is using the Aeon cellular phone while the other is
using a standard landline phone connection.

PC sends CTIA test script to
InteleModem via RS·232 serial
connection

PC captures
cellular phone

performance
and received
TTY signals

Mobile Switching
Center

j}
Mobility TTY
sends built-in
CTIA test script

Figure 2.2-1 Test Setup - Reverse Audio Path

An audio path is established - using either a digital or analog voice channel - and the
sending TTY transmits 45.45 baud baudot TTY characters per the CTtA published test
script shown in Appendix A. The Mobility TTY unit can be put into a test mode whereby it
transmits the CTIA script automatically. The Intele-Modem must be connected to a PC, and
the test script sent to it using a terminal emulation program. The original CTIA script was
used since when these data collects began, the Mobility TTY units in our possession only
supported the old script. Also, the old script is preferable since it contains a portion of plain
text which allows the tester to recognize failures.

The receiving TTY receives the data and transmits it to a lap-top PC using an RS-232 serial
data connection. A PC connected to the receive TTY unit captures the received text using
the HyperTerminal program. The Aeon phone's own antenna was used and was extended.

Each possible combination of these four operational scenarios discussed in section 2.1
were set up, and data captured. "Half rate" transmission can be selected in the Mobility's
test mode. To send half rate on the Intele-Modem, PCC wrote a special terminal emulation
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program that sends characters from the PC to the Intele-Modem at a user-selectable rate.
There is an important difference between how the Mobility and Intele-Modem send "half
rate": the Mobility keeps the "space" tone active during the pause, while the Intele-Modem
removes both tones during the pause.

Received text files were assessed using the "score" program provided by Lober & Walsh.
This program is fed a file with the known true text (shown in Appendix A), and the received
text file. It correlates the two files and determines the error rate, as well as the number of
characters: sent, correctly received, added, missing, and changed. The error rate equals
the number missing or changed divided by the total number. The score program considers
all characters corrupted by letters/figures shift problems to be errors.

Mobility TTY
sends built-in
CTIA test script

1'--[ I I]
Mobilitv TTY

RJ-11
Standard
Telephone
Connections

InfeleModem TTY

~-'::::=~,-_M_Ob_il--;e"Swi_'t_ch_in_
9
--l<J Center

PC captures cellular
phone perfonnance
and received TTY
signals

PC sends CTIA test script
to InteleModem via RS-232
serial connection

Figure 2.2-2 Test Setup - Forward Audio Path

A problem was discovered in the interpretation and scoring of carriage returns and line
feeds. Different TTY devices seem to add these characters by themselves or translate
them in various ways. To ensure consistent and fair results, Lober & Walsh created a
version of the "score" program (time date stamp "8bc32521", 66667 bytes, signature "00004550")
that ignores all carriage returns and line feeds, which we used to generate the results
shown in this report.

A second version of the score program (time date stamp "8325252b", 69675 bytes, signature
"00004550") has been created to calculate "character error rate" in two ways:

• Include errors that propagate after a shift error (this is the original method). Lober &
Walsh refer to this as the ''Text Match" method.
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• Do not include errors that propagate after a shift error.). Lober & Walsh refer to this
as the "Baudot Match" method. This method yields a "pure" character error rate
whereby all character errors are given equal weight. This method produces results
that are inherently less noisy, but do not reflect the reality of Baudot -- which is that
letters/figures shift errors are a real problem.

Results using both calculation methods are shown below.

A proprietary PCC program is used to configure the Aeon phone (for example to force it to
use either a digital or analog voice channel), and to capture performance information such
as Received Signal Strength Indication (RSSI), Bit Error Rate (BER), and channel number
to a file during test calls. Later, these files are processed to characterize cellular
performance.

Table 2.3-1 lists the required equipment.

Quantity Equipment

1 Aeon 15-136 Cellular Telephone, with valid subscription on an 15-136 capable network

1 Aeon interface cable (includes audio in, audio out, and data)
2 Lober & Walsh MobilitY TTY device

2 Ultratec Inte/e-Modem TTY device (one unit specially modified to facilitate audio
connection to a cellular phone, oar instructions provided bv Ultratec)

1 Custom interface cable for interconnecting Aeon interface cable audio in and out (BNC
connectors) with the MobilitY TTY RJ-45 iack.

1 Custom interface cable for interconnecting Aeon interface cable audio in and out (BNC
connectors) with the Intele-Modem.

1 Standard POTs phone line

2 Lao-top PCs (one with a PCMCIA serial adaotor for a 2nd serial port)
Custom terminal emulation software for sendina "half rate", available from PCC
Score.exe proaram, available from Lober & Walsh
CTIA published test script file (text shown in Appendix A)

Table 2.3-1. Required Equipment
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Table 3.1 and Table 3.2 show results matrices, organized by operational scenario. Table
3.1 results include shift errors, while Table 3.2 results do not, and thus reflect the true
character error rate.

Land: Mobility Land: Inte/e-Modem Land: Mobility Land: Intefe-Modem
Cell: Mobi/itv Cell: Mobilitv Cell: fntele-Modem Cell: Intele-Modem

forward reverse forward reverse forward reverse forward reverse

M (land) M (cell) I (land) M (cell) M (land) I (cell) I (land) I (cell)
J. J. J. ,!. ,!. ,!. ,!. ,!.

M (cell) M (land) M (cell} I (land) I (celn M (Iandl I (celn I (land)

digital full rate 7 10/17 15 35 1 21 26 23

1.1% 5.6% 12.0% 0.7% 1.6% 24.4% 3.0% 0.7%

digital half rate 8 9 16 36 2 22 25 24

0.5% 2.4% 27.3% 0.7% 0.7% 6.1% 2.2% 5.8%

analog full rate 5 11 13 33 3/18 19 27 29/31

2.0% 0.0% 0.3% 0.3% 2.2% 6.4% 0.6% 0.7%

analog half rate 6 12 14 34 4 20 28 30/32

2.4% 0.0% 1.4% 0.2% 1.2% 9.0% 0.3% 0.4%

Table 3-1 Results Matrix -- Including Shift Errors I
Land: Mobility Land: Intele-Modem Land: Mobility Land: Intele-Modem
Cell: Mobility Cell: Mob/7itv Cell fntefe-Modem Cell: fntefe-Modem

forward reverse forward reverse forward reverse forward reverse

M (land) M (cell) I (land) M (cell) M (land) I (cell) I (land) I (cell)
J. J. J. J. J.. J.. J.. J..

M (cell} M (land) M (cell) I (land) I (celn M (land) I (cell} I (land)

digital full rate 7 10/17 15 35 1 21 26 23
0.5% 2.6% 6.6% 0.5% 1.2% 13.9% 1.5% 0.5%

digital half rate 8 9 16 36 2 22 25 24

0.2% 1.3% 16.4% 0.5% 0.6% 2.6% 1.3% 2.8%

analog full rate 5 11 13 33 3/18 19 27 29/31

0.9% 0.0% 0.3% 0.2% 1.3% 5.1 % 0.4% 0.5%

analog half rate 6 12 14 34 4 20 28 30/32

1.2% 0.0% 0.9% 0.1 % 0.6% 3.1 % 0.2% 0.2%

Table 3-2 Results Matrix - NOT Including Shift Errors (true character error rate) I
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The column indicates "TIY device type and position" and "direction of communication". The
row indicates "cellular voice channel type" and "transmission rate". Each matrix element
shows the data collect number in blue, and the average character error rate for all data
collected of that permutation. Complete results are shown in Appendix B.

In general, performance is relatively good - averaging 2 or 3 per cent on digital channels -
when two similar TIY devices are communicating with each other (a Mobility with a Mobility,
or an Inte/e-Modem with an Intele-Modem). However, when an Intele-Modem sends to a
Mobility, performance falls off sharply. Lober & Walsh engineers believe this is due to
audio level inconsistencies between the two devices, although this is unconfirmed.
Curiously, performance results when a Mobility sends to an Intele-Modem are some of the
best seen.

As expected, analog voice channel performance is generally better then digital voice
channel performance. There is no discernible difference between "half rate" and "full rate"
on analog voice channels. However on digital channels, "half rate" seems to improve
performance when the Mobility is sending - probably due to the way the Mobility maintains
the "space" tone during pauses.

Shift errors clearly playa big part in TIY errors. Nearly every collect taken shows much
worse results when shift errors are included. This is particularly true when a TDMA digital
channel is used.

Several data collects were repeated when the data seemed anomalous. Often, the results
diverged even though all factors under the tester's control were identical. For example,
collect numbers 10 and 17 were taken in identical conditions (the phone wasn't even
moved!), yet collect 17 scored 3.7 per cent and collect 10 scored 7.5 per cent - over double
the character error rate. No difference was seen in the cell phone's received signal strength
or bit error rate for these collects, suggesting factors such as cellular system load were not
an issue. Clearly, field data is just "nOisy".

Time was not available to perform the volume of testing necessary to average out the
"noise" inherent with field data. Too many results-influencing factors are unknown to, and
beyond the control of, the field tester. Thus, field testing is a great way to get a feel for
typical performance, and is the ultimate reality check, but it is not the way to obtain
reproducible, consistent results!

Table 3.1-1 shows the received signal strength distribution observed dUring all testing.
Signal strengths were typically in the -75 to -80 dBm range when using digital traffic
channels, and -75 to -85 dBm when using analog voice channels -- typical values for the
well engineered BACTC network. Digital traffic channel bit error rates were 0.01 per cent or
less, over 99 per cent of the time.
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Figure 3.1-1 Distribution of Received Signal Strength for Digital and Analog Channels

Three perceptible failure modes were noticed when analyzing results:

• isolated character errors

• letters/figures shift error blocks

• character alignment error blocks

The actual cause of individual character errors was not determined in this testing. However,
what is clear is that these single errors trigger shift error blocks and character alignment
error blocks, which then cause the majority of character errors.

When either a "letters" or "figures" shift character is corrupted, all subsequent characters
are displayed in the wrong mode until the next shift character is correctly received, causing
a "block" of errors. This failure mode, inherent to Baudot code, was observed frequently
during testing. Appendix B lists each such occurrence, and gives the approximate size of
each block.

Character alignment errors occur when the demodulator looses its reference to the
beginning of a character. This is most typically observed when a sequence of repeated
characters is transmitted -- such as the dashes in the CTIA script -- where a block of errors
will propagate. While this failure mode is more likely to be recognized for a sequence of
repeated characters, it undoubtedly occurs at other times as well, it is just less recognizable

8
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and may only affect smaller blocks. The character alignment method used in TTY
transmission comes from the wired serial communications world, and is inherently weak as
a method of acquiring and maintaining character alignment in a high error rate, radio
environment.

No character alignment errors were observed when the Mobility was sending at "half rate" -
probably since the Mobility transmits the "space" tone during the pauses, which helps the
receiving demodulator reacquire character alignment. The Intele-Modem had no such
benefit.
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4. Conclusions

Testing was performed using the Philips Aeon IS-136, TDMA digital cellular telephone with
the Lober & Walsh Mobility and Ultratec Intele-Modem TTY devices in a typical, stationary
location. Goals of this test were to determine how well different TTY devices interoperate in
a cellular environment, determine if sending characters at a slower rate ("half rate")
performs differently then at "full rate", and baseline digital performance against analog
performance. Conclusions are as follows:

• When communicating between like TTY devices, on digital TDMA channels,
character error rates averaged about 2 to 3 per cent. Performance over analog
channels averaged about 1 per cent. Both TTY devices performed equally well.

• Performance degraded sharply when communicating from an Intele-Modem to a
Mobility. Interestingly, when communicating from a Mobility to an Intele-Modem,
performance was good. Inconsistent audio level requirements between the TTY
devices may be causing these increased errors. PCC recommends that the TTY
Forum focus on audio level standardisation at the TTY/cellular phone interface.

• Sending characters at a slower rate ("half rate") seemed to improve performance
slightly when the "space" tone was maintained during the pauses. Maintaining the
"space" tone may be reducing the number of character alignment errors.

• The blocks of incorrectly interpreted characters that result from isolated Shift errors
playa big part in high TTY character errors rates, particularly on digital channels.
Replacing Baudot with a modem character set would improvement performance
significantly.

• Field testing is a great way to get a feel for real-life conditions, and is the ultimate
reality check, but field data is "noisy"! Field conditions do not allow the control
needed to produce consistent, repeatable data, and thus care must be taken how
field data is used.

• For testing requiring consistent, repeatable results, lab testing is needed. pee
recommends that these TTY testing techniques be adapted for use at high quality
cellular labs. Such labs exist at the facilities of handset and infrastructure
manufacturers, some cellular system operators, and at CTIA's certification facility in
Lexington Kentucky.

pee sincerely thanks Joshua Lober of Lober & Walsh Engineering and Ron Schultz of
Ultratec for their help during these tests.
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~PMdlx.A -. eTIA pUblished teSt script

THE FOLLOWING FILE IS FOR TESTING TTY ERROR RATES.
THE NEXT 28 LINES ARE RANDOMLY GENERATED CHAFACTERS:
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NOW STARTS SEVERAL LINES OF PLAIN TEXT TEST EXAMPLE EMERGENCY MESSAGES:

A TYPICAL POLICE-TYPE CALL

911: POLICE AND FIRE

CALLER: I NEED THE POLICE SENT RIGHT AWAY

911: OK, FIRST OF ALL, WHAT IS YOUR ADDRESS?

CALLER: 7101 YATES AVENUE NORTH, BRQOKLYN PARK

911: OK, 7101 YATES AVENUE, WHAT'S GOING ON THERE?

CALLER: I THINK I HEAR SOMEONE IN MY BASEMENT

911: IF YOU CAN LOCK YOURSELF IN A BEDROOM, DO SO NOW. I'M GOING TO
DISPATCH THE POLICE NOW, SO STAY ON THE PHONE WITH ME AND DO NOT HANG UP

CALLER: OK

911: POLICE ARE ON THE WAY, ARE YOU HEARING ANY NOISES NOW? DO YOU HAVE
ANY FAMILY MEMBERS THAT MAY BE DOWN THERE?

CALLER: I'M NOT HEARING ANYTHING NOW .. AND NO, I LIVE ALONE.

911: OK, I'M GOING TO KEEP YOU ON THE PHONE WITH ME UNTIL THE POLICE
ARRIVE

A-1
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911: POLICE AND E'IRE

CALLER: I NEED AN AMBULANCE SENT RIGHT AWAY FOR MY HUSBfu~D

911: OK, WP.AT IS "fOU? ADDRESS?

CALLER: 68:5 Hu~OLDT AVENUE, CHAMPLIN

911: OK, 6825 HUMBOLDT AVENUE, CHAMPLIN, WHAT IS WRONG WITH YOUR
HUSBAND?

CALLER: HE IS HAVING CHEST PAINS

91l: DOES HE HAv~ A HISTORY OF HEART PROBLEMS?

CALLER: NO

91:: OK, HAVE HIM SIT DOWN, KEEP HIM CALM. TURN YOUR OUTSIDE LIGHT ON
SO WE CAN SPOT YOUR HOUSE FASTER. I AM SENDING AN AMBUI.ANCE AND POLICE.

A TYPICAL FIRE-TYPE CALL

911: POLICE AND FIRE

CALLER: I WANT TO REPORT A FIRE

911: WHAT IS YOUR ADDRESS?

CALLER: 1901 DUPONT AVENUE, PLYMOUTH

911: OK, 1901 DUPONT AVENUE, PLYMOUTH. WHAT IS ON FIRE?

CALLER: MY GARAGE

911: IS THE GARAGE ATTACHED TO THE HOUSE?

CALLER: YES

911: OK, I NEED YOU TO HAVE EVERYONE GET OUT OF THE HOUSE AND GO ACROSS
THE STREET AND WAIT FOR FIRE AND POLICE TO ARRIVE.

--------------------------------------------------------------------------
END OF TEST SCRIPT
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Appendix B- Test Data ,

No. Date Source TTY Source Destination Dest. Analogi Full/ Error Description Error Rate Error Rate
Device Phone TTY Device Phone Digital Half (Text (Baudot

Matchl Matchl

1 7/29/98 Mob/hty land Inte/e-Modem Aeon digital Full scattered errors 1.66% 1.16%

2 7/29/98 Mobility land Intel&-Modem Aeon digital Half scattered errors 0.74% 0.56%

3 7/29/98 Mobility land Inte/e-Modem Aeon analoa Full one larae char alianment error propagation block several LiF blocks 4.24% 2.54%

4 7/29/98 Mobility land Inlele-Modem Aeon analoa Half scattered errors. one medium UF block 1.18% 0.60%

5 7/29/98 MobiNtv land Mobility Aeon analoa Full scattered errors. two medium UF blocks 1.97% 0.93%

6 7/29/98 Mobihtv land Mobilitv Aeon analoa Half scattered errors. two medium and one small LiF blocks 2.39% 1.23'4

7 7/29198 Mobihtv land MobiJitv Aeon dillital Full scattered errors. one medium UF block 1.13% 0.48%

8 7/29/98 Mobi/itv land Mobilitv Aeon diaital Half scattered errors. one small UF block 0.54% 0.15%

9 7/30/98 MobiNtv Aeon Mobility land diaital Half scattered errors. one small UF block 2.42% 1.34%

10 7/30/98 Mobility Aeon Mobility land digital Full one large char alignment error propagation block, several UF blocks. scattered 7.54'4 3.46%
errors

11 7/30/98 MobiMv Aeon Mobility land analoa Full no errors! 0.00% 0.00%

12 7130/98 Mobitv Aeon Mobility land analog Half no errorsl 0.00'4 0.00'/0

13 7130198 Inte/e-Modem land Mobility Aeon analog Full small, Isolated errors. 0.32% 0.25%

14 7130198 Intele-Modem land Mobility Aeon analog Half scattered errors. one small UF block 1.43% 0.93%

15 7/30/98 Inle/e-Modem land Mobility Aeon digital Full scattered errors plus two large and one small LiF blocks 12.03% 6.62% --
16 7/30/98 Inle/e-Modem land Mobility Aeon digital Half errors evervwhere. Plenty of UF and character alianment orooaaation error blocks. 27.27% 16.40% __

17 7/30/98 Mobility Aeon Mobility land digital Full one small char alignment error propagation block, and two medium LiF blocks 3.67% 1.75%
'-'

18 7/30/98 Mobility land Inte/e-Modem Aeon analog Full one small UF block 0.10% 0.08%
'--

19 7/30198 Inle/e-Modem Aeon Mobility land analog Full scattered errors plus one big block where most, but not all, characters are Just 6.39% 5,06%
missina

'"

20 7/30/98 Inle/e-Modem Aeon Mobility land analoa Half scattered errors, plus one large and two medium UF blocks 8.95% 3.12%

21 7130/98 Inle/e-Modem Aeon Mobilitv land diaital Full UF errors all over the place! 24.41% 13.88%

22 7130198 Inte/e-Modem Aeon Mobi/itv land diaital Half scattered errors plus numerous small and one Jarae UF blocks 6.12% 2.60%

23 7130/98 Inte/e-Modem Aeon Intele-Modem land dillital Full scattered errors plus one small UF block 0.74% 0.54'.4
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"'.,

24 7130/98 Inte/e-Modem Aeon Inte/e-Modem land digital Half scattered errors plus one large char alignment error propagation block -- a row of "-" 6.84% 2.75%
became a row of "A"

25 7/30/98 Inte/e-Modem land Inte/e-Modem Aeon digital Half scattered errors plus 3 small and one medium UF blocks 2.19'4 1.25%

26 7/30/98 Inte/e-Modem land Intele-Modem Aeon digital Full scattered errors plus one medium UF block 3.00'4 1.49%

27 8/26/98 Inte/e-Modem land Inte/e-Modem Aeon analog Full scattered errors plus one small UF block 0.65% 0.43% _..---

28 8/26/98 Inte/e-Modem land Inte/e-Modem Aeon analog Half scattered errors 0.30% 0.23%
'-

29 8/26/98 Inte/e-Modem Aeon Inle/e-Modem land analoa Full scattered errors 0.35'1t 0.25%

30 8/26/98 In/e/e-Modem Aeon In/e/e-Modem land analoa Half no oerceotible errors. 0.20% 0.14%

31 8/26/98 In/e/e-Modem Aeon MobilitY land analoa Full scattered errors olus 3 small UF blocks 0.97% 0.68'4

32 8126/98 Inte/e-Modem Aeon Mobility land analOQ Half scattered errors plus one small LlF block 0.64% 0.21%

33 8/26/98 Mobility Aeon In/e/e-Modem land analoo Full scattered errors 0.30% 0.21'4

34 8126/98 Mobility Aeon Inte/e-Modem land analoo Half scattered errors 0.23% 0.1Jf'1o

35 8126198 Mobility Aeon Intele-Modem land digital Full scattered errors plus one or two very small UF blocks 0.73% 0.51%

36 8I26J98 Mobifty Aeon Intele-Modem land digital Half scattered errors 0.73% 0.45'4

Error Block Size Key:

small error blocks

medium error blocks

large error blocks

< 8 characters

8 - 20 characters

> 20 characters
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Electronic Industries Association

May 16, 1988

TO: PARTIES INTERESTED IN EIA STANDARDS PROJECT PN 1663,
TELECOMMUNICATIONS DEVICES FOR THE DEAF

In 1981, EIA Engineering Committee TR-41 undertook the writing
of a voluntary industry standard for telecommunications devices
for the deaf. Our intent at that time was to originate a
standard which would provide compatibility and minimum
performance criteria for these $pecialized devices. This effort
was considered to be in the public interest both for the purpose
of ensuring interoperability of TDDs and to optimize TDD
operation on the Public Switched Telephone Network (PSTN).

As commercial interest in these devices has diminished, we now
find ourselves in a situation where only two manufacturers
remain in the market, and they seem unwilling or unable to agree
on the terms of the standard. There has been no movement on
this standard project since June of 1986. Accordingly at its
March 1988 meeting, TR-41 voted to abandon PN 1663 and directed
me to place the existing document, Draft 9, in the public domain
and to make it available to any parties wishing to attempt to
continue the effort. EIA and its successor organizations will
no .lc;;'jer mainl-air. ':h~~ c.J..'afc:.,Dut will cOlllinue to fila::€: copie.s
available to qualified persons and organizations for a
reasonable period of time. A copy of Draft 9 is enclosed with
this letter.

We also have on file copies of Draft 1 (21 pp), Draft 4 (28
pp), and Draft 8 (54 pp) which may be studied by appointment at
our offices or which can be photocopied and sent to you at a
charge of $ .10 per page. Requests for these copies may be
directed to me at:

Telecommunications Industry Association
Suite 4040
1722 Eye Street, NW
Washington, DC 20006
Phone: 202/457-4936
FAX 202/457-4939

Sincerely,

Peter n. Bennett
Vice P:-esident
Telecommunications Industry Association

Enclosure
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TELECOMMUNICATIONS DEVICES FOR THE DEAF

(From ElA Project Number No. 1663, formulated under the cognizance of ElA
TR-41 Committee on Telephone Terminals)

1. INTRODUCTION

1.1 This andard ~s one of a series of technical standards
terminal equip nt issued under the auspices of ElA Engi ring Committee
TR-41. It has bee repared by an ad hoc committee 0 manufacturers of
Telecommunications De . es for the Deaf (TDDs), r resentatives of users of
these devices, and repres atives of the tel one industry, operating
under the cognizance of ElA 1 Committ on Telephone Terminals.
Formation of the ad hoc committee . ~ntly sponsored by ElA's Telephone
Equipment Section and Telecommunic for the Deaf, Inc., Silver Spring,
Maryland. This document fills recogniz need in industry brought about
by the accelerating trend replace electrom anical teletypewriters by
portable electronic de . es as a means by which ing- or speech-impaired
persons may make b icial use of the public telephonetwork. It will
be useful to a ne engaged in the manufacture of teleco nications
devices for e deaf and to those purchasing, operating or us' such

devices.

1.2 The standard establishes performance and compatibility requirements
for the interoperation of TDDs with a dial-up public or private-line
telephone network connection as the transmission medium. As such, it has
been necessary in some cases to make compromises between optimum conditions
for the operation of the devices and the need for the public telephone
network to carry these signals without interference to other users.

1.3 In accordance with ElA Engineering Publication EP-7, two categories of
performance standards are specified, mandatory and advisory. The mandatory
performance criteria are designated by the word "shall" and the advisory
criteria by the words "should", "may", or "desirable" (which are used
interchangeably in this standard). The mandatory criteria generally apply
to safety, protection, signaling, and compatibility. They specify the
absolute minimum acceptable performance levels in areas such as
transmission and equipment parameters and durability.

1.4 Advisory or desirable criteria represent product goals. In some
instances, these criteria are included in an effort to assure universal
product compatibility with equipment and facilities operational in
statistically small quantities. In other cases, advisory criteria are
presented ~en their attainment will enhance the general performance of the
-·-J.J:t in all its contemplated applications. wnere both a mandatory and
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an advisory level are specified for the same criterion, the advisory level
represents a goal currently identifiable as having distinct compatability
advantages, performance advantages, or both, to~ard which future designs
should strive.

1.5 As technology and application engineering techniques advance, the
criteria contained in this document will become subject to change.
Furthermore, the document is intended to be a living document, subject to
revision and updating, as warranted by advances in network and equipment
technology and design.
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2. SCOPE

2.1 This standard defines the minimum signaling, protocol, and interface
requirements necessary for the successful interoperation, through the
switched telephone network, of TDDs and specialized modems intended for use
with teletypewriters in networks providing interactive communications for
hearing- and speech-impaired persons. These networks are characterized by
the use of five-level Baudot code at a nominal speed of 45 baud,
half-duplex transmission, and tone frequency conventions of 1400 Hz for
mark and 1800 Hz for space.ll

In addition, this standard provides criteria for the signaling, protocol,
interface, and keyboard content of TDD equipment which provides optional
operation using ASCII seven level codes and "Bell 103" compatible
frequencies. The criteria are applicable, however, only when applied to a
TDD product which also provides Baudot operation as described above.

2.2 Tnis standard covers TDD'S intended for use with telephones meeting
the requirements of RS-470, Telephone Instruments for Voiceband
Applications (Ref: AI). Criteria are provided for devices using acoustic
coupling to the telephone handset and for devices connected to the
telephone line in parallel with the telephone. Acoustic coupling c~iteria

are based on the handsets used vith SOD-type or similar telephones and may
not provide for coupling to "decorator" type telephones.

2.3 Other arrangements are possible but are not covered by this standard.

2.4 This standard does not apply to terminals intended for other
communications such as "electronic Glail" terminals.

II It is recognized that the 5-1evel Baudot code employed is not the code
of choice for new communications networks and that 45 baud operation does
not efficiently utilize the capabilities of a voice grade telephone
connection. The use of the Baudot code at this rate in conjunction with
modems using 1400 and 1800 Hz is widespread by hearing- and speech-impaired
persons presently using the telephone network and is described by Dr.
Robert H. Weitbrecht in U.S. Patent RE27595. This TOD standard is not
limited, however, to the specific protocols utilized by Dr. Weitbrecht.
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2.5 Requirements in :~lS standard designated by the parenthetical
expression (REN) assu=e a Ringer Equivalence Number of 1.0. If the TDD has
a REN other than 1.0, the stated requirements shall be scaled
appropriately, consistent with the definition of REN given in Part 68 of
the FCC Rules and Regulations (Ref: A2). Examples of the scaling procedure
can be found in section 5.1 of the application notes in this standard.

2.6 This standard is intended to be in conformity with Part 68 of the FCC
Rules and Regulations, but is not limited to the scope of those rules.
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3. DEFINITIONS

This section contains definitions of terms needed for the proper
understanding and application of this standard which are not believed to be
adequately treated elsewhere. A glossary of telephone terminology, which
will be published as a companion volume to the series of technical
standards on Telephone Terminals, is recommended as a gen~ral reference and
for definitions not covered in this section.

Acoustic Coupling

Acoustic coupling is a means of coupling a signal generated by auxiliary
equipment to a dial-up public or private-line telephone network using the
telephone handset as the network interface and an audio tone or tones for
the transfer of information.

ASCII

ASCII is an acronym for American Standard Code for Information Interchange
(Ref: A3). This standard defines the code for a character set to be used
for information interchange between equipment of different manufacturers
and is a standard for data communication over telephone lines.

Baudot Code

Baudot code is a code for the transmission of data in which five
equal-length bits represent one character. This code is used in TDDs with
one start bit and one or more stop bits added.

TDD

TDD is an abbreviation for Telecommunications Device for the Deaf. These
devices are machines capable or information interchange between compatible
units using dial up or private-line telephone network connections as the
transmission medium. ASCII or Baudot codes are used by these units.
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4. TECHNICAL REQUIREMENTS

TODs shall provide for either acoustic coupling to a telephone handset or
direct connection to the telephone line. Provision of both acoustic
coupling and direct connection is permissable. When both are provided the
TOO shall be arranged so that only one type of coupling is active at any
given time.

4.1 Acoustic Coupling

[Requirements in Section 4.1 apply to TODs which are acoustically coupled.
See section 4.2 for requirements for direct coupled devices.]

TODs provided with acoustic coupling may incorporate the acoustic coupler
in the TOD unit or provide the coupler as a separate module. The coupler
shall be designed to accept the handsets used with generic SOO-type
telephone sets.

4.1.1 Magnetic Coupling

The receiver of the acoustic coupler shall rely only on the acoustic signal
from the handset. The magn~tic field associated with the receiver of SOffie
handsets is not suitable for coupling.

4.1.2 Sidetone

TDDs employing acoustic coupling shall be arranged so that the sidetone
provided by the telephone does not cause errors in the operation of the
device.

4.1.3 Transmit Signal Levels

4.1.3.1 Requirements

The maximum transmitted signal level shall be -10 dBm~ldB for Baudot or
ASCII answer operation. This requirement applies to the wark and space
frequencies individually and to a 3 second average reading of a repeated
test character string. The maximum transmitted signal level shall be -12
dBm+3dB for ASCII originate operation.

4.1.3.2 Method of Measurement

The transmit signal levels shall be measured using the circuit of Figure lA
with the loop current adjusted to 90 milliamperes. Ti,e test character
string for Baudot code shall be the repeated characters Rand Y. For ASCII
code, it shall be repeated letter U. The test character strings provide
alternating marks and spaces in the data bits. For ASCII code, test both
origi~ate and answer ~odes.
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Measurement results made using a calibrated telephone set not meeting these
points shall be adjusted to reflect the difference.

The telephone set used in the test circuit shall meet the requirments of
EIA RS-470 and will have a transmit acoustic to electrical sensitivity at
the six frequencies below determined by curve Figure IB when 6 dB Pa is
applied to the microphone:

1070 Hz
1270
1400

1800
2025
2225 Hz
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o

_10

-; -20
c::J
'<l

...J
W
:>
uJ

-30...J

--+
-40

2CCO

PN-1663, Draft 9
Page 9

50c0

FIGURE IB RESPONSE CURVE fOR SlM~DARD TELEPHONE



1

PN-1663, Draft 9
Page 10

4.1.4 Receive Signal Levels

It should be noted that sensitivity levels better than those specified cay
cause unintended characters to be received during noisy idle line
conditions. This may be aggravated by high impulse noise present on some
telephone lines. It is desireable that sufficient noise immunity.be
designed into such receivers to prevent the TDD from printing and/or
displaying spurious characters during these noise conditions.

The receive signal levels shall be tested using the test setup shown in
Figure 2. The test telephone shall conform to the requirements of RS-470
(Ref: AI), and have a receive electrical to acoustic sensitivity at 1000 Hz
of 17 dB Pa when a dBm is applied to the tip and ring. With the loop
current adjusted to 90 +1 milliamperes, the TDD shall correctly receive
signals with levels fro; -5 dBm to -45 dBm with a signal to noise ratio of
13 dB or greater at the input to the telephone. The line noise shall be
white noise as measured at the telephone tip and ring using C-message
weighting. Verification shall consist of error free reception of the
follcwing message, or equivalent, for a minimum of 120 seconds 1n a
environment with a roam ambient noise intensity of 70 dBSPL.

THE QUICK BROWN FOX JUMPED OVER THE LAZY DOG
<FIGS> 123456789 <LTRS> TEST

The <FIGS> and <LTRS> characters shall be omitted ~en testing ASCII code.
For ASCII code, these levels shall apply to both the originate and a~swer

modes.

4.1.5 Background Noise Suppression

The acoustic coupler shall be arranged so that background room noise of 70
dBSP~ shall result in less than -40 dBm when measured with the test circuit
of Figure lA, with the loop current adjusted to 90 +1 milliampere. This
shall be measured with the TDD turned off.

4.1.6 TDD Noise

TDO noise with acoustic coupling is the internally-generated noise
appearing at the acoustic output of the TOO. The noise shall not exceed
-35 dBm when measured using the test arrangement of Figure 1A with the loop
current adjusted to 90 +1 milliamperes. The TOO noise should be measured
with the TOO turned on but with no signal tones present. The measurement
shall be taken over a minimum period of 5 seconds.
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4.1.7 Signal Po~er Near 2600 Hz

Excessive signal po~er in the 2450 to 2750 Hz band in the absence of
sufficient power in the 800 to 2450 Hz guard band can result in false
disconnect or transmission interruption. The following requirement
applies to all signals ~hich the TDD may generate or cause to be genera:2d
(e.g., by a character sequence).

4.1.7.1 Method of Measurement

Measure the po~er transmitted by the TOO ~hen acoustically coupled to a
telephone set as shown in Figure lAo Adjust the loop current to 90 +1
milliamperes. The po~er in the 2450 to 2750 Hz band shall (a) not e~ce2d
-50 dBm or (b) alternatively, be at least 14 dB belo~ the power in the 800
to 2450 Hz band. These requirement~ shall not be exceeded for more thG~

40 milliseconds more often than once .in 15 minutes and should not be
exceeded for an interval greater than 150 milliseconds more often than
once an hour.

It is desirable that the po~er 1n the 2450 to 2750 Hz band not exceed -~O

dBm at any time.

Note: In demonstrating compliance, it is desirable that the 2450 to 2750
Hz band be defined by a bandpass filter having a 3 dB point (3dB loss
relative to midband loss) at a frequency or 2450 Hz or lower and a 3 CD
point at a frequency of 2750 Hz or higher. It is desirable that the 800
to 2450 Hz band be defined by a bandpass filter having a 3 dB point at ~

frequency of 800 Hz or higher and a 3 dB point at a frequency of 2450 Ez
or lo~er. Tne midband loss of the filter defining the 2450 to 2750 Hz
band shall be less than or equal to the midband loss of the filter
defining the 800 to 2450 Hz band, when transmitting the test signal 1n
4.1.3.

4.2 Direct Connection

[Requirements in Section 4.2 apply to TODs which are directly connected to
the telep;,0ue Di::<'ork.]

TODs designed for direct connection to the telephone line in parallel ~~th

a standard telephone shall meet the requirements of this section and al:
its subsections. The telephone shall be used for originating calls and
providing an alerting signal on incoming calls. TDDs designed for dire:t
connection to the telephone line without the use of a telephone in
parallel shall meet the requirement of ANSI/EIA 4~6, Interface between
Data Circuit-Terminating Equipment (DeE) and the Public Switched Telep~one

Network (Ref: A4) instead of the requirements of this section and its
subsections.
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4.2.1 Loop Supervision Characteristics

Supervisory signals are the means by which a TDD connected in parallel
with a telephone answers, holds or releases a connection l/ or recalls an
operator. Since continuity of the de loop current is not guaranteed, TDDs
shall not depend on such continuity for proper operation. Loop current
interruptions shall not cause a TDD to make a transition from one state to
another.

The following are of i~terest in the sup~rvision of the suscriber line by
the TDD; 1) idle; 2) "talking"; and 3) disconnect.

4.2.1.1 Idle State

The idle state is characterized by the combination of an on-hook condition
and the absence of a connection to the transmission path in the CO or PBX.
The on-hook condition is defined by the on-hook dc resistance and ac
impedance criteria specified in 4.2.2.

In this state no dc potential shall be transmitted from the TDD across the
net~ork interface.

4.2.1.2 "Talking" Sta:e

The "talking" state is characterized by the combination of an off-hook
condition and a connection to a talking path in the CO or PBX. The
off-hook condition is defined by the off-hook dc resistance and ac
impedance criteria specified in 4.2.3.

While in this state, ~he TDD at a telephone which has originated a call
shall not generate an on-hook signal longer than 100 milliseconds in
duration, except to generate a disconnect or a flash signal. When the TDD
generates a flash signal automatically, the duration of the on-hook signal
shall be bet~een 300 williseconds and 1 second.

A TDD w~ich has answe~ed an incoming call shall not generate an' on-hook
signal longer than 10 seconds, exce?t to generate a disconnect signal.

2/ Tne telephone is ~sed ~ith this arrangement for originating calls and
may be used for answe~ing calls. wnen the telephone is used for
originating or answering calls that are then to be switched to the TDO,
the TJO must be placed in the off-hook, or busy, state before the
telephone is returned to the on-hook, or idle, state. In originating
calls, the TOO must remain in the idle state until the cOwpletion of
dialing.
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4.2.1.3 Disconnect State

The dtsconnect state is characterized by an on-hook condition. The
on-hook condition is defined by the on-hook dc resistance and ac impedance
criteria specified in 4.2.2.

4.2.2 On-Hook Impedances

4.2.2.1 DC Resistance

The
TDD
FCC

on-hook dc resistance is
draws from the CO or PBX.
Rules and Regulations for

a measure of the idle loop current which the
The limits are defined by Part 68 of the

protection of the telephone network.

The on-hook dc resistance tip to ring, tip to ground, and ring to ground
shall be greater than 25 megohms (REN) for values of applied dc voltage to
100 volts and greater than 150 kilohms (REN) in the range from 100 to 200
volts. These values shall apply to both polarities and with the TOD in
both the power on and off states except that it shall apply only to the
power off state if the TOD design does not allow the on-hook state with
the power on.

4.2.2.1.1 Method of Measurement

Connect the TOO tip and ring conductors to a dc source, variable from 0 to
100 volts or from 100 to 200 volts as appropriate. Measure the minimum
ratio of dc voltage and current for each voltage range with the TOD power
both off and, if the TOD can be in the on-hook state with the power on,
with the power on. Reverse the tip and ring connections and repeat the
procedure.

Connect in turn, each of the TOD tip and ring conductors to a termtnal of
the variable dc power supply with the other terminal connected to metal
foil which connects all exposed metal surfaces, ground, and all conductors
other than the one being tested and the power leads. Determine the
minimum v01tage-versus-curreat ratio with power off and if the TOO can b0
in the on-hook state with the power on, with the power on. Repeat these
measurements and calculations with the connec:ions to the variable power
supply reversed.

The lowest calculated ratio obtained is the required dc resistance.

4.2.2.2 AC Impedance

The requirements of this section are for a TDD without ring det~ction

intended to be wired in parallel with a telephone used to originate and
answer calls. TODs with ring detection shall meet the alternating current
characteristics and ringer sensitivity require~ents of RS-470, Tele?hone
Instruments with Loop Signaling for Voiceband Applications. TDDs wi:hout
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ring detection meecing the ~equirements of this section will work with a~L

of the ringing types specified in EIA RS-470.

4.2.2.2.1 Ii2-to Ring During Ringing

The on-hook ac tip-to ring- impedance shall be greater than 10 kilohms
(REN) over the frequency range of 15.3 to 68 Hz for ac voltages from 40 to
150 Vrms superimposed on up to 105 Vdc of either polarity. The total dc
current flow as a result of the ac voltage shall not exceed 0.6 mA iREN),
and it is desirable that it not exceed 0.2 rnA (REM).

4.2.2.2.2 Tip to Ring During Quiescent State

The on-hook ac tip-to-ring impedance in the absence of ringing shall be 1n
the acceptable ·region as shown in Figure 3 and Figure 4.

4.2.2.2.3 Tip and Ring to Ground During Ringing

The on-hook ac tip-to-grouDd and ring-to-ground impedances shall be
greater than 100 kilohms over the frequency range of 15.3 to 68 Hz for ac
voltages of 40 to 150 Vrms superimposed on up to 105 Vdc of either
polarity.

4.2.2.2.4 Tip and Ring to Ground Quiescent State

The on-hook ac tip-co-ground and ring-to-ground impedances shall be
greater than 20 kilohms ove~ the frequency range 60 to 660 Hz for voltag2s
up to 50 Vrms.

4.2.3 Off-~ook Impedances

4.2.3.1 DC Resistance

The upper li~it for the dc resistance between tip and rlng or a
direct-connected TJD is determined by the ability of the device to draw
adequate current for control of CO relays over a range of loop resistanc=
and CO battery voltage. More current is required for the on-hook to
off-hook transition than holding an off-hook connection (where the CO
relays are required only to hold their energized state). The lower limi:
from tip-to-graune and ring-to-ground is necessary to limit unnecessary
ground current flow.
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